INTRODUCTION
============

Egg allergies are among the most common food allergies in infants and young children.[@B1]-[@B3] A recent meta-analysis of the prevalence of food allergies estimated that egg allergies affect 0.5%-2.5% of young children.[@B4] Egg white is often responsible for the early development of urticaria and eczema during infancy. In some cases, life threatening or fatal anaphylactic reactions can occur.[@B5] Therefore, it is important to confirm the diagnosis of an egg allergy, as treatment requires the elimination of eggs from the diet.

Egg allergies are currently diagnosed based on the patient\'s clinical history, a physical examination, a skin prick test, and the presence of IgE antibodies specific for egg white; however, the condition can only be verified through an oral challenge test.[@B3] Serum egg white-specific IgE (sIgE) levels have been shown to be correlated with the outcome of oral challenge tests,[@B6] and predictive decision point values for sIgE antibodies have been determined and are widely used in clinical settings.[@B7],[@B8] However, some patients with egg-sIgE antibody levels that are higher than the predictive decision point values show no clinical symptoms, and vice versa.

Egg white contains several allergenic proteins, including ovomucoid (Gal d 1, 11%), ovalbumin (Gal d 2, 55%), conalbumin (Gal d 3, 12%), lysozyme (Gal d 4, 3%), and ovomucin (4%).[@B9] Although ovalbumin is the most abundant protein in egg white, ovomucoid has been shown to be the dominant allergen in eggs.[@B10] It has been reported that ovomucoid-sIgE antibody levels can be used to predict whether children can tolerate heat-treated eggs (e.g., in baked goods) and outgrow their egg allergy.[@B11],[@B12] In addition, it has been suggested that the quantification of ovomucoid-sIgE antibodies can be useful in helping physicians decide whether to perform an oral food challenge (OFC).[@B13]

This study was conducted to further evaluate the clinical reactivity and diagnostic value of the measurement of IgE antibodies specific for egg white and its components.

MATERIALS AND METHODS
=====================

Study population
----------------

This prospective study included children younger than 2 years of age who visited the Pediatric Allergy and Respiratory Center of Soonchunhyang University Hospital (a tertiary medical center in Seoul, Korea) from 1 January 2010 to 31 May 2011. They were evaluated for an egg allergy as a cause of atopic dermatitis or food allergy symptoms. The subjects included 41 infants (22 \[53.7%\] males; median age, 16 months; range, 3-23 months) with no experience of egg intake due to concerns regarding egg allergies or with a non-specific clinical response to egg intake. Subjects were excluded from the study if they had a history of anaphylaxis or unstable asthma and if they had used antihistamines more than once within 3-10 days of the challenge. The study protocol was approved by the Institutional Review Board of Soonchunhyang University Hospital; informed consent was obtained before enrollment.

Measurement of the total IgE and sIgE antibody levels
-----------------------------------------------------

Serum samples were obtained from all patients prior to the food challenge. The total IgE levels and levels of IgE antibodies specific for egg white, ovalbumin, ovomucoid, conalbumin, and eosinophil cationic protein (ECP) were measured using ImmunoCAP testing according to the manufacturer\'s instructions (Phadia AB, Uppsala, Sweden).

Challenge test
--------------

An open OFC with egg white was performed at the Pediatric Allergy and Respiratory Center under the supervision of a physician and with previous parental authorization. The challenge was performed using cooked (15 minutes of boiling) egg white. The initial challenge dose corresponded to 1 mg of egg white. The dose was increased based on the logarithmic mean (e.g., 1, 3, 10, and 30) until the maximum dose was reached or the patient reacted. The patients fasted for at least 4 hours prior to the OFC when immediate reactions were anticipated and for 12 hours when late reactions were anticipated. The specific criteria for the diagnostic challenge test were as described previously.[@B14] The test was administered according to standard guidelines for OFC testing,[@B14] except for in children with a history of severe anaphylaxis.

Statistical analysis
--------------------

The patients were assigned to one of two groups according to their egg white-sIgE level, considering the positive decision point value (group I, ≥2 kU~A~/L; group II, \<2 kU~A~/L),[@B15] and each group was divided according to the results of the OFC (positive, group A; negative, group B). Descriptive statistics were used to determine the frequencies of all qualitative variables and the median value for most quantitative variables. The results were expressed using the median value, with interquartile ranges (25th-75th percentile) (IQR) because of the asymmetric distribution of sIgE antibodies for egg white and its components and the total IgE level. The Mann-Whitney U test was used for the pairwise comparison of continuous parameters (age, total IgE and sIgE concentrations, and ECP level) between the study groups. All calculated *P* values were 2-sided, and *P* values less than 0.05 were considered statistically significant. The analysis was performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

All patients included in our study underwent blood tests and an open OFC. A total of 15 (71.4%) out of 21 patients in group I showed a positive response, while 10 (50.0%) out of 20 patients in group II showed a negative response to the OFC. No significant differences in the total IgE or ECP level were detected by an intra-group comparison ([Table 1](#T1){ref-type="table"}).

The median concentration of egg white-sIgE antibodies was 10.90 kU/L (IQR 7.34-77.70) in the OFC-positive and egg white-sIgE ≥2 kU~A~/L group (group IA), 11.95 kU/L (IQR 3.44-49.10) in the OFC-negative and egg white-sIgE ≥2 kU~A~/L group (group IB), 1.29 kU/L (IQR 0.92-1.54) in the OFC-positive and egg white-sIgE \<2 kU~A~/L group (group IIA), and 0.88 kU/L (IQR 0.55-1.36) in the OFC-negative and egg white-sIgE \<2 kU~A~/L group (group IIB). The median concentration of ovomucoid-sIgE antibodies was 10.90 kU/L (IQR 1.70-26.40) in group IA, 4.43 kU/L (IQR 2.47-6.78) in group IB, 1.16 kU/L (IQR 0.34-1.42) in group IIA, and 0.42 kU/L (IQR 0.27-0.95) in group IIB. There were no statistically significant differences in the levels of sIgE antibodies against egg white, ovomucoid, and other egg white components based on an intra-group analysis ([Table 2](#T2){ref-type="table"}).

In addition, there were no statistically significant differences in the levels of sIgE antibodies against egg white (5.12 vs. 1.44 kU~A~/L, *P*=0.054), ovomucoid (1.70 vs. 1.00 kU~A~/L, *P*=0.165), or other egg white components between the OFC-positive and -negative groups ([Figure](#F1){ref-type="fig"}). The positive and negative predictive values of the positive decision point (egg white-sIgE ≥2 kU~A~/L) were very low (71.4 and 50.0%, respectively; [Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The diagnostic workup for a suspected food allergy should start with a detailed history and physical examination of the patient.[@B8] The next step may include a skin test, blood test, or both; the detection of allergen-sIgE antibodies provides confirmation of sensitization, which strengthens the diagnosis.[@B8] Egg white-sIgE antibodies can be measured quantitatively using standardized *in vitro* assays. There is a positive correlation between increasing levels of egg white-sIgE antibodies and the likelihood of clinical reactivity to eggs.[@B16] It has been suggested that the quantification of sIgE antibodies to egg white could help physicians decide whether to perform an OFC. Studies using the ImmunoCAP system (Phadia AB) have shown that an egg-sIgE level of 7 kU~A~/L has a 95% positive predictive value (PPV) for clinical reactivity to egg in children more than 2 years of age; in children 2 years of age or less, a level of 2 kU~A~/L has a 95% PPV.[@B17],[@B18] However, there is poor agreement between the cutoff levels identified by different centers.[@B6],[@B19]-[@B22]

We also found that there was no correlation between the presence of symptoms and the level of sIgE antibodies to egg white. The sensitivity and specificity of the positive decision point value for egg white-sIgE antibodies (2 kU~A~/L) by ImmunoCAP testing was relatively low (60.0 and 62.5%) in Korean children younger than 2 years of age. This may be because of differences in the inclusion criteria, significance level, challenge method and outcome criteria, subject age, and prevalence of an egg allergy and eczema between the studies. These variables should be taken into account when interpreting cutoff levels for any given patient population. The measurement of sIgE antibodies to egg whites in the absence of a history of egg ingestion is discouraged because the test has poor sensitivity and a low negative predictive value. The presence of undetectable IgE levels to egg (\<0.35 kU~A~/L) does not exclude clinical reactivity to eggs.[@B16],[@B17] Therefore, when sIgE measures are inconsistent with the clinical history, an OFC is the most reliable indicator of food hypersensitivity.[@B23]

Egg component proteins differ in their physical properties and may be related to different clinical patterns of egg allergy.[@B8] The term \"component-resolved diagnosis\" is used to designate diagnostic tests based on pure allergen molecules, which are produced either by the recombinant expression of allergen-encoding cDNAs or purification from natural allergen sources.[@B24] The measurement of IgE antibodies specific for individual egg white components could be of importance in predicting different disease manifestations in egg-allergic patients.[@B8] Although ovalbumin is the most abundant protein found in egg white, it is sensitive to thermal denaturation, with a resultant decrease in allergenicity.[@B25] In contrast, ovomucoid possesses unique characteristics, including relative stability against heat[@B26] and digestion with proteinases[@B27] and strong allergenicity[@B9] as compared with other egg white components. This is possibly related to the presence of disulfide bonds, which stabilize the protein.[@B10] A recent study demonstrated that the quantitative measurement of sIgE antibodies, both toward egg white and ovomucoid, was useful in the management of children with an egg allergy.[@B13] However, we could not demonstrate any association between the levels of sIgE antibodies to individual egg white components and clinical reactivity to egg whites.

Previous studies indicated that tolerance to eggs is achieved by most children with an egg allergy, with resolution in 50% of cases by 3 years of age and in 66% of cases by 5 years of age.[@B15] However, a more recent study suggested that egg allergies are more persistent, predicting resolution in 4% of cases by 4 years of age, 12% by 6 years of age, 37% by 10 years of age, and 68% by 16 years of age.[@B28] Whether these differing results are caused by population differences or a change in the natural history of the egg allergy is unclear. Several prognostic factors for the development of tolerance to eggs have been identified, including a lower level of egg-sIgE antibodies, a higher rate of decline in egg-sIgE antibodies with time, and an earlier age at diagnosis.[@B29]

In conclusion, we suggest that the predictive decision point value for a positive egg oral challenge test by ImmunoCAP should be re-evaluated and that an OFC is necessary in order to correctly diagnose an egg allergy. Additional studies are needed to predict the severity of allergic reactions that may occur for each individual and given the natural history of the allergy.
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Characteristics of the 41 children enrolled in the study
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All values are presented as the number (%) or median (interquartile range).

Group I: egg white-sIgE ≥2 kU~A~/L; group II: \<2 kU~A~/L. Group A: OFC positive; group B: OFC negative.

OFC, oral food challenge; ECP, eosinophil cationic protein.
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Intra-group comparison of the levels of IgE antibodies against egg white and its components
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All values are presented as the median (interquartile range).

Group I: egg white-sIgE ≥2 kU~A~/L; group II: \<2 kU~A~/L. Group A: OFC positive; group B: OFC negative.

sIgE, specific immunoglobulin E; OFC, oral food challenge.
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Performance characteristics of egg white-sIgE antibodies at a cut-off level of 2 kU~A~/L
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sIgE, specific immunoglobulin E; OFC, oral food challenge.
